Introduction
Arterial stiffness and excessive pressure pulsatility have emerged as important risk factors for cardiovascular disease. Generally, it increases with age and in the presence of traditional cardiovascular disease risk factors, such as obesity, hypercholesterolemia, type 2 diabetes mellitus (T2DM), hypertension, and so on. Pulse wave diagnosis is a unique diagnostic system in oriental medicine. In the early times of development of this diagnostic system, diagnosis by pulse wave was performed on many points of the human body. However, due to convenience, the points used by this diagnostic system were focused on the Chon, Kwan, and Cheok, the points where the radial artery can be palpated. 1 In studies of diagnosis using pulse wave, research on specific diseases commands a large majority, especially hypertension, arteriosclerosis, etc. [2] [3] [4] [5] Like pathological factors, many types of physiological factors can cause variations of the pulse wave. These factors include climate, seasons, geographic environment, sex, age, physique, affectivity, labor, eating, and so on. 6 However, few studies have examined the relationships between physiological factors and pulse wave of healthy adult men. The category of pulse can be divided into pathological section and physiological section. 6 Therefore, the categorization of pulse is important to clinical applications.
Moreover, pulse wave velocity was associated with skeletal muscle decline. Pulse wave velocity represents arterial stiffness. 7 It was reported that supervised walking activity had a beneficial effect on subclinical vascular damage, particularly in hypertensive patients. 8 Eating is a physiological factor that can cause changes of pulse wave. Generally, eating brings about a concentration of blood flow in the gastrointestinal system, 9 a rise of heart rate (HR), an increase of systolic cardiac pump performance, and a reduction of peripheral vascular resistance. 10 It was generally reported that metabolic syndrome is extremely correlated with vascular damage. Abdominal obesity and hypertriglyceridemia are important predictors of vascular damage. Hyperglycemia has a deleterious effect on arterial function, suggesting that diabetic people have impaired glucose homeostasis.
A literature of oriental medicine shows that eating can cause variations of pulse wave. 11 In oriental medicine, generally, eating is known to cause a rise of pulse wave rate, or an increase in pulse wave energy (E). 8, 12, 13 Moreover, eating time is also considered to be very important. However, there is little research on this.
As part of a preventative medicine approach, it is important to analyze the blood circulation index, E, and radial augmentation index (RAI) in healthy adult men, as well as in patients. We measured blood circulation index, E, and RAI by three-dimensional MAC (3-D MAC) (DAEYOMEDI, Ansan, Korea) of healthy men before eating, right after, 30 minutes after, 1 hour after, and 2 hours after eating to examine the influences of eating time on variations of pulse wave.
Methods

Participants
As for the G-power program, 21 healthy men were recruited as participants. At the recruitment stage, the men who had blood pressure problems, gastrointestinal diseases, cardiovascular diseases, and past medical history of treatment for gastrointestinal and cardiovascular diseases were ruled out of the study. Men who had specific pharmacotherapy or dietary therapy in the previous 6 months or who had consumed alcohol or drugs within 1 day were ruled out. Also, the men who had individual physical features disturbing measurement of pulse wave were excluded. Finally, 21 healthy men who understood the research objectives and agreed to the study with written content were recruited.
Measurements
On the day before the experiment, the participants had a light meal at 6:00 pm and fasted from foods, except water, from 8:00
pm. In the morning of the experiment day, the participants remained in a stable condition for 10 minutes without food. Then, blood pressure measurement and a questionnaire about general characteristics were carried out. Before breakfast, the individuals' blood circulation index, E, and RAI were measured by 3-D MAC in the medial point of the radial styloid process (where the radial artery can be palpated). This measurement was performed in the order of left to right and Kwan, Chon, to Cheok. The average time for measurement of each individual was about 20 minutes.
Then, each participant had a meal composed of the same foods (total weight 565 g) containing: steamed rice (260 g), a hamburger (60 g), cuttlefish cutlet (55 g), chicken (50 g), kimchi (35 g), dried slices of radish (30 g), gherkin (25 g), pepper preserved in soy sauce (25 g), steak sauce (10 g), and fruits (15 g ). There was a time limit of 30 minutes to consume the meal.
Participants' blood circulation index, E, and RAI were measured right after, 30 minutes, 1 hour, and 2 hours after the meal. In the meanwhile, to control physical activity, the individuals were encouraged to sit down. They were permitted to drink water to minimize the alterations due to eating.
During the whole process, the temperature was kept at around 23 • C. Each measurement was performed by a person who was experienced with the use of 3-D MAC for more than 2 years.
Analysis factors
We evaluated HR, calculated mean blood pressure (CMBP), estimated stroke volume (ESV), estimated stroke index (ESI), estimated cardiac output (ECO), estimated cardiac output index (ECI), estimated circulation resistance (ECR), estimated circulation resistance index (ECRI), E, and RAI right after, 30 minutes after, 1 hour after and 2 hours after eating to know the influences of eating time on variations of pulse wave. 
Statistical analysis
Computational processing of collected data was performed by SPSS Win 12.0 (SPSS Inc., Chicago, IL, USA). Changes of blood circulation index, E, and RAI according to time were analyzed by using repeated measures of the analysis of variance (ANOVA) test. Differences of blood circulation index, E, and RAI between before and after eating and during and after eating were analyzed by using a paired t test. A p < 0.05 was taken to be significant in the two-tailed test.
Results
Participants' age (years), height (cm), weight (kg), body mass index (BMI; kg/m 2 ), systolic blood pressure (SBP; mmHg), diastolic blood pressure (DBP; mmHg), abdominal obesity rate, and body fat percentage(%) were measured before eating. The outcomes are shown in Table 1 .
HR, ECO, and ECI were increased significantly right after eating compared to before eating. ECR and ECRI were decreased significantly right after eating compared to before eating. HR was decreased significantly at 30 minutes, 1 hour, and 2 hours after eating compared to right after eating. ECO and ECI were decreased significantly at 30 minutes and 2 hours after eating compared to right after eating (Tables 2-4) .
There were significant differences of E in average of left and right Kwan, and average of right pulse according to passage of time. The average of left and right Kwan, and average of right pulse increased significantly right after eating compared to before eating. In particular, the average of right pulse increased significantly right after, 30 minutes, and 1 hour after eating compared to before eating. Left Kwan and average of left pulse decreased significantly at 30 minutes after eating compared to right after eating. Right Kwan and average of right pulse decreased significantly at 2 hours after eating compared to right after eating (Tables 5-7) . There were significant differences of RAI in right Chon and Kwan according to the passage of time. The RAI decreased at all after-eating time points compared to before eating. The RAI of right Kwan decreased significantly at every point of time. The RAI of left Kwan and right Chon decreased significantly at 30 minutes after eating compared to right after eating (Tables 8-10 ).
Discussion
Diagnosis by means of pulse wave is not valid unless factors that adjust the body condition, such as shape, position, intensity, and HR, etc., are taken into account. At present, in oriental medicine, diagnosis by pulse mainly means a process to identify the cause of a disease and the condition of a patient by analyzing the pulse waves of Chon, Kwan, and Cheok. However, this method of diagnosis is disputed with regard to objectivity and repeatability. 14 To set up the diagnosis by pulse in an objective way, there has to be a clear division between the pathological pulse section and the physiological pulse section. For this reason, we studied the relationships between pulse wave and eating time in healthy men. The blood circulation index, HR, ECO, and ECI increased significantly right after eating compared to before eating. On the contrary, ECR and ECRI decreased significantly right after eating compared to before eating. The increases in HR, ECO, and ECI indicate that blood volume per minute spouting from the left ventricle to the aorta had increased due to eating. The decreases in ECR and ECRI mean that blood flow resistance had been lowered by eating.
HR decreased significantly at 30 minutes, 1 hour, and 2 hours after eating compared to right after eating. ECO and ECI decreased significantly at 30 minutes and 2 hours after eating compared to right after eating, but there was no significant difference between right after eating and 1 hour after eating. These outcomes suggest that the effects of eating on the blood circulation (rise of HR and cardiac output, reduction of blood flow resistance) decreased as time passed by.
The results of HR, ECO, ECI, ECR, and ECRI coincide with the physiological facts that eating generally causes a rise of HR, an increase of systolic cardiac pump performance, and a reduction of peripheral vascular resistance. However, judging from the fact that there was no significant difference in ESV and ESI and these decreased right after eating compared to before eating, the rise of cardiac output can be interpreted as an effect of the increase in HR, not an effect of the increase of stroke quotient. This result also coincides with the outlook of oriental medicine that eating causes an increase in HR. 13 E is a 3-D volume that represents the intensity of the pulse wave. 15 The variation of participants' E was not regular, but had a tendency to increase right after eating compared to before eating and decrease gradually in every experimental point (left and right Chon, Kwan, and Cheok). These results are in accordance with the fact, as suggested in oriental medicine, that eating causes a variation in the intensity of the pulse wave. 6, 11, 12 There were significant differences of RAI in right Chon and Kwan according to the passage of time. The RAI decreased at all after-eating time points compared to before eating. In particular, the RAI of right Kwan decreased significantly at every point of time. The RAI of left Kwan and right Chon decreased significantly at 30 minutes after eating compared to right after eating.
RAI is an index of cardiovascular elasticity, 16 which is related to aging of the blood vessels in the long-term. 2, 16, 17 In the short-term, the RAI increases with a decline in arterial peripheral resistance and a rise of cardiac contractile force. The RAI is calculated as the proportion of (h1 and h3 are pulse heights) (RAI = h3/h1). 17 Mostly, the variation of an individual's RAI has a tendency to decrease right after eating compared to before eating, and then increase gradually. These results coincide with the physiological facts that eating generally causes a reduction of peripheral vascular resistance. 10 Although some significant results were found through this research, this study has limitations. One of these is the point that women had not participated in the study. Therefore, more studies on the physiological factors that cause variation in pulse wave, such as gender, climate, seasons, geographic environment, age, physique, affectivity, and labor, are required.
Conclusion
Eating can bring about changes in blood circulation index, E, and RAI. These changes show a certain tendency and coincide with the physiological fact that eating causes a rise in HR, an increase in systolic cardiac pump performance, and a reduction of peripheral vascular resistance, and the fact that in oriental medicine it is thought that eating causes an increase in HR and a variation in pulse wave intensity.
Conflicts of interest
All contributing authors declare no conflicts of interest.
r e f e r e n c e s
